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Abstract 
In this work we present a biosensor based on olfactory receptors as a new bioelectronic device for detecting the 
presence and for measuring the concentration of specific odorants. To increase the surface of transducers, and 
consequently amplify the electrochemical signal, we generated gold nanoparticles on the surface of gold electrode. 
The characterization of the nanoparticles modified electrode surface allow to determine an increase of the surface 
area by a factor of 2.6 ±.0.4 (n = 4). Nanosomes from yeast containing olfactory receptor OR1740 with a cmyc tag 
were put in contact with the anti-cmyc antibody modified electrodes. Immobilization of nanosomes led to an increase 
in charge transfer resistance. This effect is amplified in the presence of gold nanoparticles by a factor of 3 ± 0.5. 
© 2011 Published by Elsevier Ltd. 
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1. Introduction 
In the literature, different strategies have been used for the immobilization of several olfactory such as 
I7OR [1] and OR1740 [2] on flat gold surface for the development of biosensors. In electroanalytical 
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chemistry, gold nanoparticles are increasingly incorporated in developing the sensing electrodes because 
they are easy to prepare. More importantly, gold nanoparticle coated electrodes have shown an almost 3-
fold increase in surface area [3]. In the present work we report the development of a biosensor based on 
human OR1740 olfactory receptor immobilized on nanoparticles modified gold electrodes. 
Electrochemical techniques have been used to characterize the developed biosensor. 
2. Procedure of fabrication of gold nanoparticles 
The gold electrodes were cleaned in acetone and ultrasonic bath for 15 min and dried with nitrogen, 
and then they were dipped in a piranha solution for 5 min followed by a rinsing in ethanol. After the 
cleaning process, gold nanoparticles were generated by chronoamperometry using a 0.5 mM 
K2Au(CN)6/PBS solution. A potential ramp between -1V during a short time was applied of 10s and 0V 
during 100 s to allow the formation of nuclei of gold. The duration of 10s was optimized because for 
longer times of deposition, an agglomeration of nanoparticles occurs. This potential ramp was repeated 
three times to create the maximum of nuclei on the gold surface. 
3. Characterization of modified gold nanoparticles electrodes 
The gold surface has been characterized before and after growing the nanoparticles by means of 
atomic force microscopy, cyclic voltametry and electrochemical impedance spectroscopy. 
3.1. AFM characterization 
As shown in Figure 1, nanoparticles with size between 50 and 100 nm have been grown on the 
electrode surface. The initial surface roughness of gold electrode is 1.7 and after electrodeposition of gold 
nanoparticles it becomes 4.6, then giving an increase of 2.9 of the surface area. 
                                                           
(a)      (b) 
Fig. 1: AFM image of bare gold surface (a) and nanoparticles modified gold surface (b) 
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3.2. Electrochemical Impedance Spectroscopy 
Impedance measurements have been also done to compare the electrical parameters of the surface with 
and without nanoparticles. As we can expect, figure 3 shows that the impedance decreases in the presence 
of the gold nanoparticles as a result of the increase of the surface area and consequently a decrease of the 
charge transfer resistance by a factor of 2.4. 
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Fig. 3: Nyquist diagram in 5mM Fe(CN)6
3/4- redox probe obtained for the impedance measurements on the bare gold electrode 
(black) and nanoparticles modified electrode (red). Spectra were obtained in a 100 KHz and 100m Hz frequency range applying a 
DC potential of -200mV with an AC amplitude of 10mV 
4.  Electrochemical characterisation of the antibody-nanosome interaction 
Bare gold and nanoparticles modified electrodes were firstly immersed in a 10 mM 
mercaptohexadecanoic acid in ethanol solution for all the night. After an activation step of the acid groups 
using an EDC/NHS mixture, the electrodes were incubated in 10 μg/ml antiCmyc antibody in PBS buffer 
solution for one hour at 4°C. 
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Fig. 4: Nyquist diagram in 5mM Fe(CN)6
3/4- redox probe obtained for the impedance measurements on the biosensors under various 
concentrations of the nanosome cmyc-OR1740, using bare gold electrode (a) or nanoparticles modified electrode (b). Spectra were
obtained in a 100 KHz and 100 mHz frequency range applying a DC potential of -200mV with an AC amplitude of 10mV
Figure 4 shows Nyquist diagram obtained for the impedance measurements of the electrodes for 
different concentrations of the nanosomes. In both cases the impedance increases with nanosome 
concentration. From this graph and using a modelisation program Zview/Zplot with simplified Randles 
circuit, we can extract the values of the charge transfer resistance for each concentration of nanosomes. 
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The relative variation of the charge transfer resistance (cf. Fig. 5) is more important in the case of the 
nanoparticles modified electrodes indicating that the 3D nanostructuration improves the signal. The 
observed increase is of a factor 3 ± 0.5. This value is in the range of surface increasing found above. 
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Fig. 5: Variation of the charge transfer resistance as a function of concentrations of nanosomes for flat (red) and nanoparticles
modified gold electrodes (blue) 
5. Conclusions 
Gold nanoparticles with a size between 50 and 100nm were electrochemically grown onto the gold 
electrode surface. The gold surface area was increased by a factor of 2.9 ±.0.4.  
Through the variation of the relative charge transfer resistance, we were able to evidence the 
AntiCmyc antibody/CmycOR1740 nanosome interaction on biofunctionalized gold electrodes. When 
gold nanoparticles are electrodeposited on gold electrodes, the relative variation of charge transfer 
resistance is increased by a factor of 4, which can be explained by the increase of the surface area due to 
the gold nanoparticles 
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